Abstract. During the 2002 and 2003 foaling seasons, Cellulosimicrobium (Cellumonas) cellulans (formerly Oerskovia xanthineolytica) was the principal microorganism isolated from fetal tissues or placentas from cases of equine abortion, premature birth, and term pregnancies. Significant pathologic findings included chronic placentitis and pyogranulomatous pneumonia. In addition, microscopic and macroscopic alterations in the allantochorion from 4 of 7 cases of placentitis were similar to those caused by Crossiella equi and other nocardioform bacteria. This report confirms a causative role of C. cellulans infection in equine abortion.
Cellulosimicrobium cellulans (formerly Oerskovia xanthineolytica) is a gram-positive, branching bacillus originally isolated from soil. 2, 4 Colonies on nutrient agar are yellow and produce vegetative hyphae. 2, 4 In humans, these organisms are rare opportunistic pathogens producing bacteremia and foreign body-associated infections, frequently in compromised hosts. 3, 5 In Australia, C. cellulans (O. xanthineolytica) was isolated from the lung and stomach contents of an equine fetus aborted in the 10th month of gestation. 7 The principal pathologic findings were chronic placentitis and granulomatous pneumonia.
Between January 1, 2002, and June 1, 2003, C. cellulans was the principle isolate from 8 equine fetuses and their placentas, 5 equine fetuses, and 4 equine placentas submitted to the Livestock Disease Diagnostic Center at the University of Kentucky, Lexington, KY. This report describes the historical, microbiologic, and pathologic findings in the first series of equine abortions and premature births associated with C. cellulans infection in the United States.
Bacteria considered significant in regard to equine abor- tion were identified using standard bacteriologic procedures. Bacteria suspected as being C. cellulans because of the colony appearance and cellular morphology were identified using a commercial identification kit a and hydrolysis of xanthine. 2 All 17 isolates hydrolyzed xanthine and yielded the same profile with the identification kit. Sixteen of the 17 isolates were motile, which differed from the description of C. cellulans. Because the isolates were motile, sequence analysis of the entire 16s ribosomal DNA (rDNA) gene of 4 isolates was performed. Genomic DNA was isolated from broth cultures. b The gene was amplified, purified, and then sequenced. c The amplified 16s rDNA product was purified before sequencing reactions. d The sequencing reactions were purified and sequenced at the University of Kentucky Molecular Structure Analysis Facility, Lexington, KY. Data were assembled and edited using a commercial software. e Each isolate matched [99.6-99.7% (5-or 6-base pair difference)] with the sequence of the type strain of C. cellulans (GenBank accession number X79455).
Twelve of the foals were aborted, 3 were born prematurely (within 30 days of the expected delivery date), and 2 were full term. The gestational age of affected fetuses ranged from 120 to 330 days (term) with a mean of 231.0 Ϯ 81.0 days. Two of the premature foals and all the term foals were healthy at birth. Twelve individuals were Thoroughbreds, 3 were Quarterhorses, and 2 were of unknown or mixed breeding.
Clinical signs of impending abortion/delivery were rarely observed in mares. One mare that delivered a live premature foal had sonographic evidence of placentitis: separation of the chorion from the uterine wall with the accumulation of flocculent fluid between the placenta and the uterus. A second mare had premature udder development. No premonitory signs of delivery were reported in the remaining 15 mares.
Macroscopic alterations included fetal emaciation and changes in the lung, liver, and placenta. Lungs were firm, expanded, imprinted with impressions of adjacent ribs, and mottled red-tan. Livers were mildly enlarged and friable. Multiple 1-5 mm pale foci were visible on the capsular surface and distributed throughout hepatic parenchyma in 1 case. Chorionitis was detected in all (n ϭ 7) placentas submitted for examination. Lesions were either centered on the cervical star (3/7) or located on the anterior surface of the body of the placenta (4/7) with, in some cases, extension into adjacent horns. The chorion surrounding the central star was tan and sharply demarcated from the adjacent normal, red chorion. Lesions in the body of the placenta were focally extensive, irregular, well demarcated, and characterized by the absence of the villi. Brown mucoid exudate covered the affected area. No macroscopic lesions were detected in either the fetus or the placenta in 12 cases.
Equine fetuses and placentas were divided into 2 groups based on the presence (n ϭ 12) or absence (n ϭ 5) of alterations in fetal or placental tissues. In 5/12 cases with fetal pneumonia or chorionitis, pure cultures of C. cellulans were recovered from fetal tissues and stomach content and were the predominate isolates in samples of allantochorion. In the remaining cases (7/12), C. cellulans was the predominate isolate from fetal tissues and allantochorion. The highest number of organisms was isolated in decreasing order from stomach content, lung, liver, and kidney. Cultures of allantochorion were frequently contaminated with a mixture of coliform bacteria, Bacillus species, non-beta hemolytic Streptococcus species, and Proteus species.
In fetuses and placentas without tissue lesions, C. cellulans was the only bacterium isolated from tissues and placenta of one fetus and tissues of another fetus. Cellulosimicrobium cellulans in association with coliform bacteria, Bacillus species and non-beta hemolytic Streptococcus species, was the predominate isolate in the remaining cases.
The direct fluorescent antibody and microscopic agglutination tests to detect leptospires or antibodies against leptospires, respectively, were negative in all cases. No virus was isolated from fetal tissues. The fluorescent antibody test for EHV-1 was negative in all cases.
In all but 1 case with microscopic alterations, lesions were confined to the lung and placenta. Lumens of alveoli and bronchioles contained aggregates of cellular debris, granulocytes, macrophages, and multinucleated histiocytic giant cells (Fig. 1 ). Pneumocytes were frequently hypertrophied. Alveolar walls were infiltrated with low numbers of mononuclear inflammatory cells. Low numbers of Gram-positive, bacillary to filamentous bacteria were free within the pulmonary tissue and in the cytoplasm of multinucleated giant cells (Fig. 2) . The surface of the chorion was frequently covered by an amorphous eosinophilic material, within which were focally intense and diffuse accumulations of neutrophils and bacteria (Fig. 3) . Chorionic villi were short, blunted, and lined by hypertrophied trophoblastic epithelial cells. Villous stroma and the subchorion were infiltrated with large numbers of lymphocytes and plasma cells and lesser numbers of macrophages and neutrophils. Inflammatory cell infiltration was associated with patchy diffuse fibroplasia and increased vascularity. Intercotyledonary trophoblastic epithelial cells were hypertrophied. Squamous metaplasia of trophoblastic epithelial cells was occasionally detected. Lesions in the allantois and amnionic portion of the umbilical cord were similar, less severe, and consistent with chronic nonsuppurative inflammation.
The criteria used to determine the significance of each isolate of C. cellulans were the isolation of C. cellulans in pure cultures or large numbers from fetal tissues or allantochorion, the isolation of C. cellulans in large numbers and as the predominate isolate, and the association of morphologically similar bacteria with histologic alterations in fetal tissues. Accordingly, all the cases reported herein met at least one of these criteria, suggesting an association between C. cellulans infection and prenatal pneumonia, placentitis, middle-and late-term abortion, and premature births in the horse.
The cause and effect relationship is strongest in cases with alterations in fetal or placental tissues and the isolation of C. cellulans. In cases from which C. cellulans were isolated and there were no associated tissue or placental alterations, 3/5 individuals had a gestational period of less than 150 days. The lack of an innate inflammatory response in these fetuses could reflect the state of development of the neutro-phil and macophage function. Alternatively, C. cellulans could have either been a contaminant of fetal or placental tissues or infected an already compromised and dying fetus before abortion.
The source of infection was most likely the environment. The route of infection was less easily determined. Chorionitis associated with the cervical star is consistent with ascending infection through the cervix of the mare. The solitary lesions in the body and horns of the chorion, without communication to the cervical star region, however, suggest, as in chorionitis caused by Crossiella equi and other nocardioform bacteria, 1 a single expansive focus of infection. Lesions in fetal lung and liver and isolation of C. cellulans from lung and stomach content were consistent with aspiration and ingestion of the infected amnionic fluid, respectively. Inflammatory changes in the lung were diffuse and similar to those described in an earlier report. 6 Hepatic lesions were multifocal and centered on portal triads. This distribution of lesions is consistent with an ascending bacterial infection from the intestine to the liver through the bile ducts.
As indicated, chorionic alterations in some of these cases were remarkably similar to those caused by C. equi and other nocardioform bacteria. 1 In 4 cases, macroscopic alterations in the chorion were identical, regarding distribution and appearance of lesions, to those of nocardioform placentitis, 1 suggesting a similar pathogenic mechanism of infection. This also indicates that the etiologic diagnosis of nocardioform placentitis, as applied to this characteristic placental lesion, is no longer appropriate, and a nonspecific diagnosis, such as mucoid placentitis, is more suitable. Furthermore, histologic alterations in the chorion in 5 cases were qualitatively and quantitatively similar to those described in nocardioform placentitis 1 and reflect a chronic tissue response to a relatively nonpathogenic microorganism. The most significant differences in the tissue lesions caused by C. cellulans and C. equi were the absence of large gram-positive branching bacilli within chorionic exudates in cases of C. cellulans infection and the ability of C. cellulans to produce prenatal pneumonia and, in 1 case, hepatitis. Invasion of fetal tissues may be attributed to the motility of the C. cellulans isolates. Crossiella equi and other nocardioform bacteria are nonmotile.
To the author's knowledge these are the first reported cases of equine abortion and premature birth in the United States associated with C. cellulans infection. 
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